Alcohol Distillation Plant Simulation: Thermal and Hydraulic Studies  by Bastidas, P. et al.
 Procedia Engineering  42 ( 2012 )  80 – 89 
1877-7058 © 2012 Published by Elsevier Ltd.
doi: 10.1016/j.proeng.2012.07.397 
20th International Congress of Chemical and Process Engineering CHISA 2012 
25 – 29 August 2012, Prague, Czech Republic 
Alcohol distillation plant simulation: thermal and hydraulic 
studies 
P. Bastidasa a*, J. Parrab, I. Gila, G. Rodrígueza 
aUniversidad Nacional de Colombia, Department of Chemical and Environmental Engineering,Chemical and Biochemical Research 
Group, Carrera 30 No. 45 – 03, 111321 Bogotá, Colombia 
bIngenio Providencia S.A., Fuel Ethanol Plant, El Cerrito, km 12 vía Palmira, 76520000 Valle del Cauca, Colombia, Tel. + 57 2 
4183561 
Abstract 
Due to the current Colombian policies that demand to use less pollutant fuelsthere has been an important growth in 
the local anhydrous ethanol industry. This makes necessary to improve the existing process by increasing the global 
efficiency and reducing the overall energy consumption. In this work, simulations of an industrial alcohol distillery 
are made using Aspen Plus® software. The base production is set at 250 cubic meters per day and sugar cane juice is 
used as raw material. The results are in good agreement with those that are daily obtained inside the plant, and they 
are used as start-point to propose improvements to the process. In addition, thermal and hydraulic studies of the 
distillation columns are performed in order to evaluate the possibility of expanding the net production rate to 300 
cubic meters per day.  
 
© 2012 Published by Elsevier Ltd. Selection under responsibility of the Congress Scientific Committee 
(PetrKluson) 
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1. Introduction  
In Colombia, the sugar obtained from the sugar cane fields is used not only as food, but also as raw 
material to produce anhydrous fuel ethanol. The bioethanol production process takes place in three steps: 
fermentation, distillation and dehydration, being the distillation step the more energy consuming. In 
addition, the product obtained at the end of this stage affects directly the performance of the dehydration 
step and therefore the final product quality. Hence, special attention must be paid to the distillation 
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process.The deep knowledge and understanding of the fuel ethanol process, allows identifying the main 
operation conditions of the process in order to keep product flowrate and quality in the desired values. In 
addition to that, process simulation has become a very important tool to perform numerous and different 
types of analyses in a very fast, rigorous and efficient way, making possible to improve existing process 
from the economic and energetic points of view.  
1.1. Distillation process description 
In Fig 1 the process flow diagram of the distillation process is shown. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. General distillation process of the fuel ethanol plant 
 
The process starts when the wine coming from the former fermentation step is preheated to enter to the 
first distillation column, the degassifying column, where the lighter compounds (CO2, acetaldehyde, 
methanol and other fermentation by-products) are removed. These light compounds are recovered at the 
top of the degassifying column along with a small fraction of ethanol; this mixture constitutes the feed 
stream to the second column, the aldehyde column. At the top of the second column, impure alcohol is 
obtained with a 95% w/w composition of ethanol, while at the bottoms, a stream calledalcoholic water is 
obtained, with a 15% w/w of ethanol.  
 
The wine free of light components enters to the mash column, where at the top, a vapor side-stream 
(alcoholic vapors) rich in ethanol, 40-45% w/w, is extracted to be sent to the rectifiercolumn. Meanwhile, 
at the bottom of the mash column, vinasses are obtained. A portion of this stream is used to preheat the 
wine before being recirculated to the fermentation process; the remaining part is concentrated in a double-
effect evaporation system to be sent to the compost plant.  
 
In the rectifier column, the ethanol contained in the alcoholic vapors and in the alcoholic water is 
recovered in a single stream known asrectified alcohol with 95% w/w of ethanol. The rectified alcohol 
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and the impure alcohol are sent to the dehydration process, which is carried out by means of adsorption 
with molecular sieves. In the middle of the rectifier column two extractions of fusel oil are made. This 
fusel oilis a blend of higher alcohols (propanol, butanol, isoamyl alcohol, etc.) produced during the 
fermentation step, when the yeastdeviates itsmetabolic route to produce alcohol, due to stress factors such 
ashigh temperature, low pH and lowavailability of nitrogenor deficiencyto assimilatenitrogen. Finally, at 
the bottom of this column a spent-less stream is obtained with a maximum ethanol content of 0.1% w/w.  
2. Process Simulation 
The simulation of the distillation process to produce anhydrous ethanol was made using Aspen Plus® 
software, taking as base production 250 cubic meters per day of fuel ethanol.   
2.1.  Thermodynamic model 
In order to select the proper thermodynamic model, it was considered that the distillation system 
operates under vacuum and is highly non-ideal due to the interactions between the wine components [1]. 
According to the guide presented by Carlson [2], the thermodynamics models that could represent 
correctly the system are NRTL, UNIQUAC and Equations of State (EOS). Also, when working at low 
pressures, it is recommended to use activity models rather than EOS to describe the non-ideality of the 
vapor phase [3]. Therefore, the NRTL-RK model (uses the NRTL model and the EOS of Redlich-Kwong 
to describe the liquid and vapor phase behavior, respectively) and the Predictive Soave-Redlich-Kwong 
(PSRK) models are used to perform the simulation.  
2.2. Components and wine composition 
The main components to be entered in the simulation are ethanol and water. The wine ethanol content 
is set at 6.7% w/w. Also, the higheralcohols of the fusel oil are considered. In accordance with Patil [4], 
the main components of a fusel oil produced by distillations that use sugar cane juice as raw material are 
1-propanol, isopropanol, n-butanol, isobutanol, isoamylic alcohol and amylic alcohol.  
As for the other fermentation by-products, the CO2, acetaldehyde, methanol and acetic acid are taken 
into account. The CO2 is considered because it has important influence on the mixture vapor-liquid 
equilibrium, and for being the major component in the non-condensable streams of the condensers; its 
concentration is established according to theresultsreported by Dalmolin [5], which say that the solubility 
of CO2in an ethanol-water solution is directly influenced by the system pressure and the solution 
concentration, and inversely related to the temperature. Methanol, acetaldehyde and acetic acid 
concentrations were fixed according to the gas chromatography results of a wine sample. In Table 1, the 
final wine composition is reported. 
2.3. Unit operations 
Table 2 and Table 3 summarize the operation conditions of the heat exchangers and the distillation 
columns, respectively. Additionally, thermal and hydraulic analyses were made to the distillation columns 
in order to calculate the required diameter to achieve the desired separation degree in each column, and to 
evaluate the performance of the distillation columns.  
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Table 1. Wine composition  
 
Component Concentration (%w/w) 
Ethanol 6.7 
Water  92.7 
CO2 0.1 
1-propanol 0.1 
Isopropanol 35 ppm 
n-butanol 420 ppm 
3-metyl-1-butanol 0.2 
1-pentanol 210 ppm 
Isobutanol 385 ppm 
Acetaldehyde 1 ppm 
Acetic acid 252 ppm 
Methanol 3 ppm 
 
Table 2. Heat exchangers operating conditions 
 
Equipment Model Specifications 
Wine preheater Short P=233048 Pa; T=329.15 K 
Reboilers Detailed, simulation mode Heat transfer area = 1980 m2 
Flubex Detailed, simulation mode Heat transfer area =509.3 m2 
 
Table 3. Distillation columns operating conditions 
 
Parameter Degassifyin and mash column Aldehyde column Rectifier column 
Stage number 24 25 58 
Condenser NO Partial L+V Partial L+V 
Reboiler NO NO Thermosiphon 
P (Pa) 40944 25090 26055 
ΔP (Pa) 10339 9650 21787 
Distillate flow rate (kg/s) NO 0.22 2.03 
Mass reflux ratio NO NO 4.3 
Design spec 
89.7% ethanol recovery in the 
alcoholic vapors, varying its 
mass flow rate 
79% ethanol recovery in the 
distillate, varying its mass 
flow rate  
96.8% ethanol recovery 
in the distillate, varying 
its mass flow rate 
Tray Murphree efficiency 
Tray 1: 50% 
Trays 2-24: 70% 
65% 65% 
3. Results 
In general, the results obtained in the simulation are in good agreement with those that are daily 
obtained inside the plant, implying that the thermodynamic models were selected properly and that the 
column calculations describe correctly the separation process taking place inside them. In this section, the 
results for the simulation of the real plant are showed in first place; then, the results corresponding to the 
evaluation of the possibility of expanding the net production rate of fuel ethanol are shown.  
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3.1.  Simulation of the base case: 250 cubic meters per day 
According to the profile temperature shown in Fig. 2.a, the inlet wine temperature (experimental point 
corresponding to the second stage) should be around 340-344 K in order to keep the column temperature 
profile and to save energy consumption in the column reboiler. The lower temperatures obtained at the 
top of the degasifying column are related with the high CO2 concentration there (see Fig. 2.b); in addition, 
due to that the ethanol composition does not change drastically at the bottom of the column, the 
temperature profile remains almost constant in this section.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.Simulated results for the mash and degassifying column (a) Temperature profile; (b) Vapor composition profile  
 
In Fig. 3.a. is observed that a strong temperature drop occurs at the top of the aldehyde column, due to 
that in this column section, most of the CO2 that enters to the process is recovered, as shown in Fig. 3.b. 
When the ethanol content of the alcoholic water that comes out from the bottom of the aldehyde column 
is under 20% w/w, and at the top the impure alcohol has 95.6% w/w of alcohol, there is minor energy 
consumption in the rectifier column, because more alcohol is being recovered in the aldehyde column. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Simulated results for the aldehyde column (a) Temperature profile; (b) Vapor composition profile  
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The specified pressure drop in the simulation of the rectifier column is lower than the real pressure 
drop, which ends up in lower values for temperature in the bottom section of the column, as can be seen 
in Fig. 4.a. The rectified alcohol obtained at the top of the column has a 94.2% w/w of ethanol, while the 
spent-less stream that comes out from the bottom has only 8.2% w/w of ethanol. The minor quantity of 
CO2 that enters to the column (810-5% w/w) is recovered in its condenser, which corresponds to the first 
stage of Fig. 4.b. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Simulated results for the rectifier column (a) Temperature profile; (b) Vapor composition profile  
 
Most of the higher alcohols that enter with the wine are recovered in the alcoholic vapor stream that is 
sent from the mash column to the rectifier column; they concentrate in the middle section of the last 
column, were the fusel oil extractions are made (see Fig. 5.b). The portion of the higher alcohols that are 
dragged out from the degassifying column to the aldehyde column are recovered in the alcoholic water 
stream (at the bottom, see Fig. 5.a), which is processed once again in the rectifier column. That is, in the 
fusel oil extractions that are made in the rectifier column, almost 100% of the higher alcohols that enter to 
the process are recovered.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Composition profiles of the higher alcohols in the liquid phase (a) Aldehyde column; (b) Rectifier column 
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The actual columns diameters and the calculated by Aspen Plus® are compared in Fig. 6. For the mash 
and degassifying column (see Fig. 6.a.) a diameter reduction is observed at the top section, due to the 
extraction of alcoholic vapors that is done in stage 5; the above situation leaves the major amount of 
vapor in the 6th stage, which presents the biggest calculated diameter. The maximum calculated value 
(2.77m) is 60% lower than the real diameter (4.4 m), which implies that this column could process a 
higher flow of wine. On the other hand, the aldehyde column presents a smaller diameter variation 
between the real and the calculated, as can be seen in Fig. 6.b.; this can be explained because there are no 
side extractions in this column, just the top and the bottom streams. At the top of the aldehyde column, 
where there is a larger vapor flow, the calculated diameter is bigger than in the rest of the column, being 
the first tray the one with the major value. When comparing the calculate diameter (1.46 m) with the real 
one (1.6m), it can be inferred too, that this column could process a larger amount of alcoholic vapors, but 
in a tighter way than the mash column.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Calculated diameter (continuous line) and real diameter (dashed line)of the columns. (a) Mash and degassifying column;(b) 
Aldehyde column; (c) Rectifier column 
 
As for the rectifier column, in the Fig. 6.c. can be observed three clear tendencies in the column 
diameter. From trays 2 to 44, there is a decreasing behavior of the calculated diameter, being higher in the 
top zone of the column, because in this zone exist the higher vapor flows. From trays 46 to 44, the 
calculated column diameter increased more than 50%, due to that the 46th tray is the feed stage of the 
alcoholic vapors. In the tray 48, the diameter increases once again as response to the entrance of the 
alcoholic water, which is at its saturation state, inducing a fast change in the net vapor flow inside the 
column. From stage 48 to the end of the column, there is a decreasing behavior until the minimum 
calculated diameter value is reached. Unlike the other two columns, the maximum calculated diameter for 
the rectifier column (4.64 m) is bigger than the actual one (4.25 m) for the top column section, due to the 
high vapor load in this zone. From that result is inferred that this column is limited to process higher 
flows and at the same time operate under save conditions.  
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3.2. Other case studies: increase net fuel ethanol production  
In order to study the possibility of expanding the net production of anhydrous alcohol, changes in the 
wine flow to be processed and in its alcoholic grade were made, as shown in Table 4. In each case, the 
hydraulic capacity of all columns was evaluated through the maximum flooding factor. 
 
Table 4. Flooding factor results for each case study 
 
Case Wine flow (m3/s) 
Alcohol content in 
wine  (%w/w) 
Maximum flooding factor 
Mash and degassifyin column Aldehyde column Rectifier column 
Base 0.033 6.7 0.3829 0.6911 0.9142 
2 0.036 6.9 0.398 0.8556 0.9637 
3 0.039 7.1 0.4152 0.881 0.9879 
4 0.042 7.3 0.4175 0.9886 1.079 
 
The flooding factor of all columns increases when the flow wine is higher. Nevertheless, the three 
distillation columns can process higher flows than the current ones efficiently. For instance, the maximum 
flooding percentage of the mash and degassifying column is 41.75%, which suggests that this column 
could handle even more than 0.042 m3/s of wine. In the aldehyde and rectifier columns, the higher 
flooding percentages are 98.86% and 107.9%, respectively; both values are higher than the maximum 
security value recommended (80%). This implies that the last two columns could process higher flows, 
operating at the limit hydraulic capacity of the column, which could result inlower tray efficiency.  
 
In Fig. 7.a. is observed that the temperature profile of the whole mash and degassifying column moves 
down when increasing the wine ethanol content, because the net ethanol flowinside the column is also 
increasing, as shown in Fig. 7.b. For the new three cases, the wine inlet temperature should be around 
340-344 K, as in the base case. When performing the simulations, it was encountered that the alcoholic 
grade of the streams leaving the mash column has a strong dependence on the wine inlet temperature. 
Furthermore, the wine inlet temperature had to be modified from the base case value in order to obtain a 
higher content of ethanol in the alcoholic vapors that go the aldehyde column than in the alcoholic vapors 
that go to the rectifier column. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Comparison between the four study cases for the mash and degassifying column. (a) Temperature profile;  
(b) Ethanol vapor composition profile 
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The combined effect of increasing the wine flow and ethanol content produces a higher temperature in 
the alcoholic vapors that enter to the aldehyde column (see Fig. 8.a), which means less ethanol in the 
column (see Fig. 8.b). However, the products remain under specifications. For the rectifier column, the 
differences between the temperature and ethanol composition profiles among the four cases are 
negligible, as it can be seen in Fig. 9.a. and Fig. 9.b., respectively. This behavior is due to the fact that the 
temperature of the inlet streams to the column is almost the same for all the studied cases.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8. Comparison between the four study cases for the aldehyde column. (a) Temperature profile; (b) Ethanol vapor composition 
profile 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9. Comparison between the four study cases for the rectifier column. (a) Temperature profile; (b) Ethanol vapor composition 
profile 
4. Conclusions  
The analysis of the distillation process of a Colombian fuel ethanol plant was made using Aspen Plus®, 
concluding that the current plant operation is efficient, since product purity specifications are met and the 
by-products ethanol composition is low (spent-less stream has 0.9% w/w). The thermodynamic models 
NRTL-RK and PSRK give good results in terms of reproducibility of the plant operating conditions and 
the CO2 distribution in the streams leaving the mash and degassifying column.  
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The wine inlet temperature to the mash column has a strong influence over the results in the three 
distillation columns; good results are obtained when this temperature is higher than 333 K, which 
corresponds to the operating value in plant. In the increasing-production study cases, it is critical to keep 
this temperature at least in 343 K, in order to obtainhigher ethanol content in the alcoholic vapors going to 
the aldehyde column than the ones going to the rectifier column. Besides, with 343 K as the wine inlet 
temperature, the whole plant energy consumption is lower.  
 
At the present, the mash and degassifying column and the aldehyde column operate under safe 
conditions, regarding the flooding column capacity. This means that both columns could process higher 
flows, when augmenting the net production. On the contrary, the rectifier column is already operating 
above the recommended limit, which means that this column is limited to process higher flows, without 
sacrificing separation efficiency. For this reason, the first approach to the production expansion should be 
done by increasing the wine ethanol content.  
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